last 2-4 weeks. The GSA level is based on the percentage of glycosylated serum albumin from total serum albumin. When the HbA1c detection is affected by the amount and quality of red blood cells, GSA can more accurately reflect a patient's average blood glucose level than glycated hemoglobin. Therefore, the detection of GSA is an effective supplement to HbA1c as an indicator for the glucose levels in diabetic patients.
BV is widely used in medical laboratories, 3, 4 questioned the online BV data on the Westgard website about its effectiveness and reliability. 5, 6 The EFLM BV working group then proposed the biological variation data critical appraisal checklist (BIVAC). This checklist is used to standardize operations for assessing existing biological variation studies and guiding future biological variation studies. Currently, based on the checklist, there are nine enzymes, creatinine, and 21 hematological parameters reported in EFLM. According to these papers, all the BV data are less than that reported on Westgard website.
7-9
The BV data can confirm if patients treated with antihypertensive or insulin are close to normal levels, indicating that the condition is getting better and the development of complications such as cardiovascular disease or diabetes is unlikely. 10 Therefore, the establishment of effective BV can contribute to the management of chronic diseases such as diabetes. At present, there are many reports on the BV of HbA1c, but the results are contradictory. 11 And there is no report about the biological variation of GSA among the Chinese population. The current study measured the biological variation of HbA1c and GSA in 19 nondiabetic subjects through the standard protocol designed by EFLM.
| MATERIAL S AND ME THODS

| Materials
The research enrolled 19 healthy subjects, including nine males and 10 females, both of the average age 26 years old. 
| Methods
This study received approval of the West China Hospital's Ethical
Review Committee (NO. 228-2015). All the volunteers were signed the informed consent.
We used an enzymatic assay kit (Lucica ® GA-L, Tokyo, Japan) to test the GSA levels and HPLC (TOHOSH ® , Tokyo, Japan) to test the HbA1c levels. All samples were tested five times.
F I G U R E 1
The average and 95% confidence interval of HbA1c and GSA in 19 healthy Chinese individuals. × represents males, and ■ represents females
| Statistical analysis
We assessed the outliers and the distribution of the data. Both the parameters are without outliers, according to Fraser and Harris. The coefficient of variation (CV) was analyzed using ANOVA. The difference between the male and female groups was compared using 95 CI%. If there was no significant difference between male and females, CV I was the same in all test subjects. The CV A , CV I , and CV G were calculated using nested ANOVA 95% CI.
The CV = 1/2 × CV I , bias (B) = 0.25 × (CV I 2 + CV G 2 ) × 0.5,
The reference change value (RCV) and index of individuality (II)
were calculated using the formula given by Fraser and Harris:
All the data analyses were performed using SPSS 22.0 (IBM Corp., Armonk, NY, USA) and SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
| RE SULTS
The mean and 95% CI of HbA1c and GSA are shown in Figure 1 . The mean of GSA for males was less than females statistically different. The mean levels of albumin were significantly higher in males than females.
And there was no difference between males and females of HbA1c (Table 1 ).
The BV data for all subjects, males alone, and females alone are shown in Table 1 . BV estimates were compared with those reported in the Westgard online database. The CV A used intra-assay variation to minimize variation. Both of the estimated CV I and CV G were less than the online database.
We also calculated the variation for males alone and females. The CV I of GSA and Alb was closed between males and females, but the CV G for males larger than females statistically different. The CV I and CV G of HbA1c for males were less than females significantly different.
The analytic performance specification (APS) for imprecision, bias, and total error is derived from the BV data shown in Table 2 and compared with the desirable specifications reported in the Westgard database. Based on the BV data, the reference change value (RCV) of GSA and HbA1c was 3.16% and 1.41%, respectively. The index of individuality (II) of GSA and HbA1c was 0.26% and the 0.07, respectively. Both of the II were less than 0.6 ( Table 2 ).
| D ISCUSS I ON
The mean levels of GSA and Alb in males and females were significantly different, so the reference intervals should be separated. They further pointed out that it is necessary to estimate the BV suitable for a particular laboratory population. 12 Second, with the development of laboratory techniques, the sensitivity and specificity of different research methods using different analytical methods affect the design, sample collection, and statistics. Therefore, we employed the checklist proposed by EFLM to reduce variation and ensure reliable and effective data. In this research, we strictly controlled pre-analytical variability factors, such as sample collection time, status, and tourniquet using time, needle diameter, and tube mixing change. Third, there are few sources of biological variation data in the website. At present, the biological variation of GSA in the database is only from one study reported in 1993. 13 In the current study, the confidence intervals of GSA were less than that reported before (CV I : 1.19%-1.26%
and CV G : 3.77%-4.82%). The well-demonstrated advantages of glycated albumin, compared with HbA1c, are that the changes are more significant and not affected by changes in erythrocyte quality. 15 Glycated albumin not only monitors glycemic levels but also has a good correlation with the development of diabetic complications including nephropathy and retinopathy, and can be considered as a marker for assessing atherosclerosis risk. 16 In addition, since GSA is the ratio of glycated albumin concentration to total serum albumin, different from fructosamine, GSA is not influenced by the concentration of albumin or other proteins. 17 Our research employed strict rules to estimate the BV data than the online website. 18 Determining specific analytical performance specifications based on the BV of each test helps to ensure the analytical performance of the laboratory to meet requirements and continuously improve.
Moreover, it is beneficial to provide more accurate test results for clinicians.
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